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2-POLYNITROALKYL-5-PERFLUOROALKYL-
1,3,4-OXADIAZOLES

BACKGROUND OF THE INVENTION

This invention relates 1o plasticizers and more partic-
ularly to energetic plasticizers for plastic bonded explo-
sives.

A number of new fluorinated binders {for example,
perfluoroalkyl polyformals as described by H. G.
Adolph and J. M. Goldwasser: U.S. Pat. No. 4,740,579
(1988) and U.S. Pat. No. 4,740,628 (1988)] have recently
become available and energetic formulations that con-
tain these new fluorinated binders along with nitro ox-
idizers/explosives (HMX. for example) have been pre-
pared. These new highly fluorinated binders exhibit
quite different chemical properties compared to the
nitro oxidizers/explosives. Because of these differences
in properties, the usual nitro plasticizers (FEFO, NG,
TMETN) used in the formulations are attracted toward
the nitro oxidizer/explosive and not the fluorinated
binder. These differences in the attraction of the nitro
plasticizer for the binder and oxidizer can cause the

plasticizer 1o migrate during storage of the formula- 2

nons.

It would be desirable to have an energetic plasticizier
that would not migrate as much as present energetic
plasticizers.

SUMMARY OF THE INVENTION

Accordingly. an object of this invention is 1o provide
new energetic plasticizers.

Another object of this invention is to provide new
energetic plasticizers which are attracted by both nitro
compounds and fluoro compounds.

A further object of this invention is to provide new
energetic plasticizers with less tendency to migrate in
plastic bonded explosives with fluoro polymer binders
and nitro explosive fills.

These and other objects of this invention are accom-
plished by providing:

Oxadiazoles of the formula

N

~

i il
CFaCFny,—=C ~ o /C—CH;»CH:C(.\'O:'!;.\'

wherein X is —NOs: or —F and wherein if X is —NO:.
then nis O, 1. or 2. but if X is -F, thennis 0. 1, 2, 3, or
4.

These oxadiazoles are prepared by the following
reaction sequence:

CFuCF2),Ci=0INHNH: ~ CIC(=01CH,CHACINO: X

/

CFACF2.Ci=ONHNHC=0)CHCH:CINO X

| PCl
\L CICH:CH:C!
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Ii 1!
CF«CF-..=—C /(—C“:(H;C:,\(:g:\
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wherein X and n are defined above.

The oxadiazoles of this invention are useful as ener-
getic plasticizers for plastic bonded explosives made
from fluoropolymers and nitro organic and inorganic
explosive fills.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

The high energy plasticizers of this invention may be
represented by the formula

N

N

il 1l
CF3y(CF2),—C.___.C=—CHiCH;C(NO:;X
o

where X is either a nitro group (—NO3) or a fluorine

atom (—F). If X is —NOg, then n is preferably 0, 1, or

2. However, if X is —F, then n is preferably 0, 1, 2, 3, or

4.
Specifically, the preferred energetic plasticizers (ox-

ajazoles) are:

) 2-(3,3,3-trinitropropyl)-5-(triflucromethyl)-1,3,4-
oxadiazole (with X=—NO; and n=0):

(2) 2-(3,3,3-trinitropropyl)-5-(perfluoroethyl)-1,3,4-
oxadiazole (with X=—NOj; and n=1).

(3)  2-(3,3.3-trinitropropyl)-S-(perfluoropropyl)-1,3,4-
oxadiazole (with X=--NO3: and n=2)

(4)  2-(3-fluoro-3,3-dinitropropyl)-5-(trifluoromethyl)-
1,3,4-oxadiazole (with X=—F and n=0);

(5)  2-(3-fluoro-3,3-dinitropropyl)-5-(perfluoroethyl)-
1,3,4-0xadiazole (with X=—F and n=1);

(6) 2-(3-fluoro-3,3-dinitropropyl-5-(perfluoropropyl)-
1,3.4-0xadiazole (with X=—F and n=2);

(7} 2-(3-fluoro-3,3-dinitropropyl)-5-(perfluorobutyl)-
1.3.4-oxadiazole (with X=—F and n=3): or

(8)  2-(3-fluoro-3.3-dinitropropyl)-5-(perfluoropentyl)-
1.3.4.0xadiazole (with X=—F and n=34).

The preferred values of n are selected for X=—NO:

and for X =—F 10 specify compounds that have melt-

ing points that make them suitable for use as plasticizers.
These plasticizer molecules have 3 distinct parts At

one end of the molecule is a perfluoroalkyl group such

as —CF:. —CF2CFs, —CF.CFJCF;3,

—CF1CF-CF1CF3, —CF2CF2CF:CF:CF. etc. At the

other end of the molecule is a2 polynitroalkyl group such

as —CH3CH.C(NO3):, —CH2CHaCF(NQO:)a. etc. At

the center of the molecule, separating these two distinct

end groups, is a bulky 1.3,4-0xadiazole group,

N N
] Il
—Cug- T

All of this enhances the attraction of the energetic plas-
ticizer for both the polyfluoro binder polymer and for
the very different nitro groups on the explosive filler.
As a result, migration of the plasticizer away from ei-
ther the binder or the expiosive filler is greatly reduced.

The energetic plasticizers (oxadiazoles) are prepared
by the following reaction sequence:

CFyCF2),C(=0WHNH: - CICi=0)CH:CH:CINO2 12X
| vrigin

v
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-continued
CFi(CF1),C(=0INHNHC(=0ICH:CH:C(NO2 12X

PCl«
CICH>CH2Cl

N N
] I
CF3(CFa},—C ~._ - C==CH3sCH)C(NO:)2X
(o]

wherein X and n are as defined above.

These preferred oxadiazoles (1 through g) are pre-
pared from the corresponding N-(polynitroacyl)-N'-
(perfluoroacyl)hydrazines:

(1A) N-(4,4.4-trinitrobutyryl)-N'-(trifluoroacetyhhy-
drazine,

CFiC(=0)NHNHC(=0)CH:CH2C(NO2);;

(2A) N-(4.4,4-trinitrobutyryl)-N'-(perfluoropropionyl)-
hydrazine,
CF:CF3C(=0O)NHNHC(=0)CH:2CH,C(NO2)3;

(3A) N-(4,4.4-trinitrobutyryl)-N'-(perfluorobutyryl)hy-
drazine
CF:CF,CF-C(=0)NHNHC(=0)CH,;CH:C-

(NO2)x

(4A) N-(4-fluoro-4.4-dinitrobutyryl)-N'-(tri-
fluoroacety))hvdrazine.
CF:C(=0)NHNHC(=0)CH:CH:CF(NO2)2x:

(5A) N-(4-fluoro-4.4-dinitrobutyry1)-N'-(perfluoropro-
pionyhhydrazine,
CF:CF2C(=0OINHNHC(=0)CH2CH:CF(NO1):

(6A) N-(4-fluoro-4,4-dinitrobutyryvl)-N'-(per-
fluorobutyryl)hvdrazine.
CF:CF:CF-C(=O)NHNHC(=0)CH:CH:CF-

(NO2)::

(7A) N-4-fluoro-4.4-dinitrobutyryl)-N'«(perfluoropen-
tanoyl)hvdrazine
CF:CF:CF:CF:C(=0)NHNHC(=0O)CH:CH:CF-

(NO:)a: or

(8A) N-(4-fluoro-4.4-dinitrobutyryvl)-N'-(perfluorohex-
anovl)hvdrazine.
CF:CF.CF>CF2CF2C(=0)NHNHC-

(==0)CH>CH>CF(NO:2)>

by cvclization of the hydrazine (1A through 8A) using

phosphorus pentachloride in refluxing 1,2-dichloroe-

thane. Examples 2.4.6.8.10. and 12 illustrate this cycliza-
tion reaction.
The selected N-(polynitroacyl)-N'«(perfluoroacyl)-

hyvdrazine 1s prepared by condensing a

perfluoroacyl hydrazine that is N-(trifluoroacetyl)hy-
drazine,

CF:C(=0)NHNH:;

N-(perfluoropropionyl)hydrazine.
CFaCFaC(=O)NHNH:2;

N-(perfluorobutyryhhvdrazine.
CF:CF:CF-C(=0O)NHNH:: or

N-(perfluoropentanoyl)hydrazine.
CF:CF>CFaCF2C(=0)NHNH::

with a polynitroacyl chloride that is

_ 4.4-trinitrobutyryl chloride.
CIC(=0O)CH>CHA:C(NO2)zx: or
4.fluoro-4.4-fluoro-4.4-dinitrobutyryl chloride.
CIC(=O)CH:2CH:CF(NOa}:.

Pyridine is added 1o the reaction mixture 10 neutralize

the hvdrochloric acid that is hiberated during the reac-

tion. This reaction is illustrated by examples i. 3. 5. 7.9,

and !l
The preparation of perfluoroacyl hydrazines.

CFxCF:) C(=0O)NHNH:. have been described by H.
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C. Brown et al. Journal of Organic Chemistry, 26(11). P.
4407 (1961), herein incorporated in its entirety. Their
procedures were repeated o produce
CFiCF,C(=0)NHNH: and
CFaCF2CF2C(=0)NHNHj. The perfluoroacyl hydra-
zine CFiCFyCF,CF2CF,CF2CF,C(=0)NHNH; was
not reported but this material (mp 103°-104° C.) was
easily formed by applying their method. For
CF3C(=0)NHNH),, they report a melting point of
143°-144" C. but this is apparently an error. The melting
point for this compound was found to be 42°-43° C. and
was prepared as follows: To 4.5 g (0.032 mole) of ethy]
trifluoroacetate stirred in an ice bath was added 1.0 g
(0.032 mole) of anhydrous hydrazine (95% min) in 3 mL
of methanol. After 16 hours at room temperature, meth-
ylene chloride (15 mL) was added and the volatiles
were removed by distillation (bath temperature was
eventually raised to 100° C. and held until distillation
stopped). After cooling, 20 mL of methylene chloride
was added and the mixture was stirred to produce an
insoluble solid. The solid (mp 128°-133* C.) was re-
moved and the filtrate was cooled to —20° C. to give
1.7 g, mp 35°-38° C. Recrystallization from methylene
chloride gave 1.1 g of N-(trifluroacetyl)hydrazine, mp
42°-43° C.

The 4,4.4-trinitrobutyryl chloride (Chemical Ab-
stract Number 36638-86-5) starting material was pre-
pared by refluxing 4,4.4-trinitrobutyric acid with an
excess of thionyl chloride for 20 hours before the mix-
ture was concentrated in vacuo and the product dis-
tilled as taught by Marvin H. Gold. et al. in an article
titled, “Preparation of Aliphatic gem-Dinitro
Monoisocyanates and Derivatives,” Journal of Organic
Chemistry (1962), volume 27, pages 334-335. at page
334, column 2, herein incorporated by reference in its
entirety.

The 4-fluoro-4,4-trinitrobutyryl chloride starting ma-
terial can be prepared in a similar manner. 4-Fluoro-4.4-

40 dinitrobutyric acid is added in portions with stirring 10

50

N
o

08

an excess of thionyl chloride at 18°~20° C. The homoge-
neous solution formed is then heat slowly to boiling
where it is kept for about 2 hours. The excess thionyl
chloride is then distilled off. The 4-fluoro-4.4-trinitrobu-
tyryl chloride product is then distilled off under vac-
uum. This procedure was taught by L. T. Eeremenko et
al. Jzvestiva Akademil Nauk SSR, Seriva Khimicheskaya
No. 6, pp 1331-1336 June. 1969.

The general nature of the invention having been set
forth, the following examples are presented as specific
illustrations thereof. It will be understood that this in-
vention is not limited to these specific examples, but is
susceptible to various modifications that will be recog-
nized by one of ordinary skili in the art.

EXAMPLE 1

N-(4,4,4-Trinitroburyryl)-N'-(perfluorooctanoyl)hydra-
zine

To a stirred solution of 0.9 g (0.0036 mole) of 4.4.4-
trinitrobutyryl chloride in 15 mL of anhvdrous diethyvl
ether at 25° C. was added 1.05 g (0.0025 mole) of N-
(perfluorooctanoyl) hydrazine. Pyridine (0.3 mL) was
added dropwise and stirring was continued for 10 min-
utes until the insoiubie matenal turned mostiyv solid.
Dilute hvdrochloric acid (5% ) (10 mL) was added. the
ether solution was separated. drned (Na:SO.:). and the
volatiles were removed. The semisohid residue was
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stirred with dilute sodium bicarbonate 10 give 1.6 g of
insoluble solid. mp 102°-106° C. Crystallization from
1.2-dichloroethane gave the product, N-(4.4.4-trini-
trobutyryl)-N'-(perfluorooctanoyl)hydrazine, 0.95 g
(615¢). mp 123°-125° C. 'H NMR (acetone-de¢ + D20):
2.97 (1. 2H). 3.85 (1, 2H): IR (KBr): 3250 (NH). 1740.
1760 (C=0). 1610 (NOa). 1250-1200. 1150 (C-F). Anal.
Caled for C13H¢F1sNsQg: C, 22.76; H, 0.96; F, 45.01; N,
11.06. Found: C, 22.65; H, 1.00; F, 44.70; N, 11.18.

EXAMPLE 2

2-(3,3,3-Trinitropropyl)-5-(perfluoroheptyl)-1.3,4-
oxadiazole

A mixture of 0.47 g (0.74 mmole) of N-(4,4,4-trini-
trobutyryl)-N'-(perfluorooctanoyl)hvdrazine and 0.065
g (0.003 mole) of phosphorus pentachloride in § mL of
1,2-dichloroethane was heated at reflux temperature for
4 hours. The volatiles were removed to give a solid,
which was washed with water, and then chromato-
graphed on Silica gel 60 (CH2Cl» as eluent) to give the
product 2-(3,3.3-trinitropropropyl)-5-(perfluoroheptyl)-
1.3.4-0xadiazole. 0.35 g (78%), mp 70-71° C; 'TH NMR

(acetone-d6) 3.83 (m. 2H). 4.23 (m. 2H): IR (KBr): no ~

NH or C=0: 1620. 1605 (NO3). 1250-1140 (C-F).
Anal. Calcd for CjaHsF3aN<O=: C. 23.43; H, 0.66; F,
46.33: N. 11.38.
Found: C. 23.26, H. 0.66: F. 47.59: N, 11.44.

EXAMPLE 3

N+(4,4.4-Trinitrobutvry)-N'-(perfluorobutyryl)hydra-
zine (3A)

To a solution of 1.0 g (0.0041 mole) of 4.4.4-trini-
trobutyryl chioride in anhydrous diethyl ether (10 mL)
stirred a1 20° C. (water bath) was added 0.9 g (0.0039
mole) of N-(heptafluorobutyryl)hydrazine. The mixture
became thick with precipitate and sufficiemt ether (10
mL) was added 1o allow efficient stirring. Pyridine (0.35
ml. 0.0044 mole) was added dropwise and the mixture
was stirred for 5§ minutes before 5% hydrochloric acid
(10 mL) was added. The ether laver was dried (Naa.
SO.). the volatiles were removed. and the residue was
stirred with water to give 1.5 g, mp 146°-150° C. Crys-
tallization from l.2-dichloroethane gave the product.
N-(4,4.4-trinitrobutyry])-N'-(perfluorobutyryl)hydra-
zine. 1.2 g (705¢) mp 154°-156° C.; 'TH NMR (acetone-
de~D10): 2.98 (1. 2H). 3.87 (1. 2H).

EXAMPLE 4

2-(3.3.3-Trinitropropyl)-5-(perfluoropropyl)-1.3.4-
oxadiazole (3)

Phosphorus pentachloride (1.2 g. 0.0057 mole) and
N-(4.4.4-trinitrobutyryl)-N'-(perfluoroburyryhhyvdra-
zine (0.8 g. 0.0018 mole) in 10mL of dichloroethane was
held at refiux temperature for 4 hours. Removal of
volatiles 9ave an oi] which was washed with water and
then chromatographed on Silica gel 40 (CH:Cl: as elu-
ent) 1o give 0.5 g (665 ) of 2-(3.3.3-trinitropropy)-5-
(perfluoropropyl)-1.3.4-oxadiazole. mp 43°-45° C.: 'H
NMR (acetone) .84 (m. 2H 1 4.23 (m. 2H). Anal. Calcd
for CsH:F-N<O-: C. 2314 H. 0.97: F. 32.04. N. 16.87.
Found: C. 23.07. H. 1.00. F. 31.80: N, 16,658
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EXAMPLE *

N-(4
4.4-Trinitrobutyryl)-N'-(perfluoropropionyl)hydrazine
(2A)

A mixture formed by adding 0.77 g (0.0043 mole) of
N-(perfluoropropionyl)hydrazine to a solution of 1.05 g
(0.0043 mole) of 4,4.4-trinitrobutyryl chloride in 30 mL
of anhydrous diethy! ether was stirred at 20° C during
the dropwise addition of 0.35 mL of pyridine. After 5
minutes, dilute hydrochloric acid (10 mL) was added,
and the ether layer was separated and dried (MgSO4).
Removal of volatiles gave a semisolid which was stirred
with dilute sodium bicarbonate to give 1.0 g, mp
105°-118° C. Crystallization from 1,2-dichloroethane
gave the product, N-(4,4,4-trinitrobutyryl}-N'-(per-
fluoropropionyl)hydrazine, 0.65 g (41%), mp 123°-125°
C.; '"H NMR (acetone-d¢+D:0): 2.95 (t, 2H); 3.85 (1,
2H).

EXAMPLE 6

2+(3,3,3-Trinitropropyl)-S«(perfluoroethyl)-1,3,4-
oxadiazole (2)

A solution containing 0.6 g (0.0016 mole) of N-(4.4,4-
trinitrobutyryl)-N'-(perfluoropropionyl)hydrazine and
0.8 g (0.0038 mole) of phosphorus pentachloride in 7
mL of 1,2-dichloroethane was held at reflux tempera-
ture for 4 hours before the volatiles were removed to
give an oil residue. The residue was dissolved in
CHaCla, washed with water, and chromatographed on
Silica gel 40 (CH:Cl; as eluent) to give the product,
2-(3.3.3-trinitropropy)-5-(perfluoroethyi)-1.3.4-
oxadiazole, 0.4 g (70%), mp 36°-38° C. 'H NMR (ace-
tone-de): 3.80 (m. 2H). 4.20 (m. 2H).

Anal. Caled for CsHsFsN:O=: C. 23.03: H. 1.10: F,
26.02: N, 19.18. Found: C, 23.01: H. 1.10; F, 24.15; N,
19.58.

EXAMPLE 7

N-(4.4.4-Trinitrobutyryl)-N'-(trifluoroacetyl)hydrazine
(1A)

To 1.65 g (0.007 mole) of 4.4.4-trinitrobutyryl chlo-
ride in 15 mL of anhydrous diethyl ether stirred in a
water bath at 15° C. was added 0.9 g (0.007 mole) of
N-(trifiuoroacetyl)hydrazine. Pyridine (0.6 mL, 0.007
mole) was added dropwise. After 3 minutes, dilute hy-
drochloric acid was added and the ether layer was sepa-
rated and dried (Na:SOs). The volatiles were removed
and the residue was stirred with water and then with
CHCl: to give the product N-(4,4,4-trinitrobutyryl)-
N'-(trifluoroacetyl)hydrazine, 1.15 g (50%), mp
154°-156° C. Crystallization from 1,2-dichloroethane
raised the melting point to 157°-159° C.; '"H NMR (ace-
tone-d¢+D:0): 2.97 (t, 2H), 3.86 (1, 2H); IR (KBr):
3330, 3220 (NH). 1745, 1690 (C==0): 1610, 1590 (NO2);
1195 (C—F).

EXAMPLE ¢

2-(3.3,3-Trinitropropyl)-5-(trifivoromethyl)-1,3.4-
oxadiazole (1)

Phosphorus pentachloride (0.65 g. 0.003 moie) and
N-(4.4 4-trinitrobutyryh)-N'-(trifluoroacetylhydrazine
(0.7 g.'0.002 mole) in 7 mL of }.2-dichloroethane was
held at reflun temperature for 4 hours. Removal of
volatiles gave an oil residue which as digsolved
CH:Cli:. washed with water. and dned (Na-SO.). Chro-



5,241,071

7
matography on Silica gel 40 (CH2Cl: as eluent) gave 0.4
g (63%) of an oil which was cooled to give solid 2-
(3.3.3-trinitropropy})-S-(trifluoromethyi)-1.3.4-

oxadiazole, mp 18°-19° C.. 'H NMR (acetone-ds): 3.80

(m. 2H). 4.20 (m, 2H).
Anal. Caled for CeHsFaN«O=: C. 22.87: H. 1.28: F,
18.09; N, 22.22. Found: C, 22.77; H. 1.15; F, 17.71; N,

21.93.

EXAMPLE 9

N-(4-Fluoro-4.4-dinitrobutyryl)-N'-(perfluorobutyryl)-
hydrazine (6A)

A thick mixture was formed after 1.0 g (0.0044 mole)
of N-(perfluorobutyry)hvdrazine was added to a solu-
tion of 0.95 g (0.0044 mole) of 4-fluoro-4,4-dinitrobuty-
rvl chloride in 20 mL of anhydrous diethyl ether stirred
at 20° C. Pyridine (0.4 mL, 0.005 mole) was added drop-
wise and, after 5 minutes, dilute hydrochloric acid (10

ml ) wae added Thae athor lavar wae drmad (Na.C0).)
Wiy was aUlel. 140 CUlT Ja)yel Was GNel uNazovg)y

before the volatiles were removed and the residue was
stirred with dilute sodium bicarbonate to give 1.35 g
(76%), mp 138°-142° C. Crystallization from 1,2-
dichloroethane gave the product N-(4-fluoro-4.4-dini-
trobutyryl)-N'-(perfluorobutyryl)hydrazine, 1.24 g. mp
143-144° C. 'H NMR (acetone-d¢+ D20): 2.80 (1, 2H),
3.36. 3.58 (d of 1, 2H).

EXAMPLE 10

2-(3-Fluoro-3.3-dinitropropyl)-5-(perfluoropropyl)-
1.3.4-0xadiazole (6)
Dichloroethane (8§ mL) containing 0.8 g (0.002 mole)
of N-(4-fluoro-4.4-dinitrobutyryl)-N'-(per-
fluorobutyryhhydrazine and 1.1 g (0.005 mole) of phos-

phorus pentachloride was held at reflux temperature for 3

4 hours. The product residue (from removal of vola-
tiles) was dissolved in CH>Cl>. washed with water and
chromatographed on Silica gel 40 (CH2Cl: as eluent) to
give 0.61 g (80%) of an oil. Cooling the oil gave the
product. solid  2-(3-fluoro-3.3-dinitropropyl)-5-(per-
fluoropropy1)-1.3.4 .oxadiazole. mp 21°-22° C.. 'H
NMR (CDC13): 3.15-3.75 (overlapping m).

Anal Caled for CgHaFsNsOs: C. 24.75: H. 1.04: F,
39.16. N. 14.43 Found: C, 24.66: H, 1.00; F. 38.80; N,
14.83.

EXAMPLE 11
N-(4-Fluoro-4.4-dinitrobutyryl)-N'-(perfluoropro-
pionvl)hvdrazine (5A)
To a solution of 0.95 g (0.0045 mole) of 4-fluoro-4,4-

dinitrobutyryl chloride in 20 mL of anhydrous diethyl
ether stirred at 20° C. was added 0.8 g (0.0045 mole) of

. N-(perfluoropropionyl)hvdrazine followed by the

dropwise addition of 0.4 mL of pyridine. After § min-
utes. dilute hydrochloric acid (10 mL) was added, the
ether laver was separated. dried (Na;SOs) and the vola-
tiles were removed to give the product N-(4-fluoro-4.4-

. dinitrobutyryl)-N'-(perfluoropropionyl)hydrazine, 1.05

g. mp 128°-132° C. Crystallization from 1.2-dichloroe-

5

2
n

40

as

50

N

8
thane gave 0.93 g (58%), mp 135°-136° C. '"H NMR
(acetone d¢+ D>0): 2.80 (1, 2H), 3.36, 3.58 (d of t, 2H).

EXAMPLE 12

2-(3-Fiuoro-3,3-dinitropropyl)-5-(perfluoroethyl)-1.3.4-
oxadiazole (5)

A mixture containing 0.7 g (0.002 mole) of N-(4-
fluoro-4,4-dinitrobutyryl)-N'-(perfluoropropionyl)hy-
drazine and 1.0 g (0.005 mole) of phosphorus pentachlo-
ride in 7 mL of 1,2 -dichloroethane was heated at reflux

1 on

mnaratura fae as va a
A bﬂvl- -

ta A hanee Dacmacal A0 walaed
Selllpuiatuie BWE T IVUID. NGV Yal vl vuiau,
liquid residue which was dissolved in CH2Cl;, washed
with water, and chromatographed on Silica gel 40 (
CH:Cl; as eluent) to give 0.5 g (76%) of pure product as
an oil. Cooling the oil gave the product, 2-(3-fluoro-3,3-
dinitropropyl)-5-(perfluoroethyl)-1,3,4-0xadiazole, a
solid, mp 3°-5° C.; 'H NMR (CDCl;) 3.15-3.75 (over-
lapping m). Anal. Calcd for C;H4F¢N4Os: C, 24.86; H,
1.19; F, 33.71; N, 16.57. Found: C, 24.75; H, 1.22, F,
33.62; N, 16.57.

Obviously numerous modifications and variations of
the present invention are possible in light of the above
teachings. It is therefore 1o be understood that within
the scope of the appended claims the invention may be
practiced otherwise than as specifically described
herein.

What is claimed as new and desired to be secured by
Letters Patent of the United States is:

1. An oxadiazole of the formuia
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wherein X is —NO; or —F and wherein if X is —NO;
thennisO. 1, or 2, butif X is Fthennis 0, 1. 2, 3, or 4.

2. An oxadiazole according 10 claim 1 wherein X is
—NO:.

3. The oxadiazole of claim 2 which is 2+(3.3.3-trinitro-
propyl)-5-(perfluoropropyl)-1,3,4-oxadiazole.

4. The oxadiazole of claim 2 which is 2-(3,3,3-trinitro-
propvl)-5-(perfluoroethyl)-1.3,4-0xadiazole.

5. The oxadiazole of claim 2 which is 2-(3.3,3-trinitro-
propyl)-5-(trifluoromethyl)-1,3,4-oxadiazole.

6. An oxadiazole according to claim 1 wherein X is
—F.

7. The oxadiazole of claim 6 which is 2-(3-fluoro-3,3-
dinitropropyl)-5-(perfluoropentyl)-1,3,4-oxadiazole.

8. The oxadiazole of claim 6 which is 2-(3-fluoro-3,3-
dinitropropyl)-5-(perfluorobutyl)-1,3.4-oxadiazole.

9. The oxadiazole of claim 6 which is 2-(3-fluoro-3,3-
dinitropropyl)-5-(perfluoropropyl)-1,3.4-oxadiazole.

10. The oxadiazole of claim 6 which is 2-(3-fluoro-3,3-
dinitropropyl)-5-(perfluoroethyl)-1,3.4-oxadiazole.

11. The oxadiazole of claim 6 which is 2-(3-fluoro-3.3-
dinitropropyl)-S-(trifiluoromethyl)-1.3.4-oxadiazole.
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